Lenvatinib is an oral tyrosine kinase inhibitor of vascular endothelial growth factor receptors 1, 2, and 3, fibroblast growth factor receptors 1 through 4, as well as platelet-derived growth factor receptor α, RET, and KIT. At present, lenvatinib is used in the treatment of thyroid cancer and renal cell carcinoma. We herein report a case of a 67-year-old patient with squamous cell carcinoma of unknown primary who was effectively treated with lenvatinib. The patient was initially diagnosed as having undifferentiated thyroid cancer, and after total thyroidectomy and bilateral lymph node dissection, lenvatinib was administered for the treatment of residual lymph node metastasis. A computed tomography scan after 1 month of lenvatinib administration showed marked regression of the lymph nodes, but interstitial pneumonia was also detected. Because the drug lymphocyte stimulation test for lenvatinib was strongly positive, we concluded that the interstitial pneumonia was induced by lenvatinib. The inter- Case Rep Oncol 2018;11:75-80 
Introduction
Lenvatinib is an oral, multi-targeted tyrosine kinase inhibitor of vascular endothelial growth factor receptors 1, 2, and 3, fibroblast growth factor receptors 1, 2, 3, and 4, plateletderived growth factor receptor α, and RET and KIT signaling networks, which are involved in tumor growth [1] [2] [3] . Lenvatinib has been approved in 50 countries, including the US and the European Union, for the treatment of radioiodine-refractory differentiated thyroid cancer, and in Japan for the treatment of unresectable thyroid cancer [4, 5] .
We herein report a case of squamous cell carcinoma of unknown primary that was effectively treated with lenvatinib.
Case Presentation
A 67-year-old man presented to a regional hospital with a tumor over the right clavicle. A computed tomography (CT) scan with contrast enhancement showed enlarged lymph nodes in the neck, mediastinum, and left axilla ( Fig. 1a-c) . A right supra-clavicular lymph node biopsy revealed poorly differentiated carcinoma. 18 F-fluorodeoxyglucose positron emission tomography/CT showed hot spots in the right lobe of the thyroid and lymph nodes ( Fig. 1d ). Although the tumor was unclear on CT and ultrasonography images, fine needle aspiration cytology of the right lobe of the thyroid showed poorly differentiated carcinoma cells similar to those in the observed lymph node. The serum level of the tumor marker carcinoembryonic antigen (CEA) was 1,390.0 ng/mL and the levels of the carbohydrate antigens 19-9 and 125 were 44.2 and 294 U/mL, respectively. Based on a provisional diagnosis of undifferentiated thyroid cancer with lymph node metastasis, the patient underwent total thyroidectomy and bilateral lymph node dissection. Microscopically, undifferentiated carcinoma was suspected ( Fig. 2 ). Lenvatinib (24 mg/day) was administered for the treatment of residual lymph node metastasis. A CT scan after 1 month of lenvatinib administration showed marked regression of the lymph nodes in the mediastinum and left axilla; however, interstitial pneumonia was also detected in the bilateral lung ( Fig. 3 ). The patient complained of mild cough and dyspnea on exertion, but had no fever. His oxygen saturation on room air was 98%. Chest auscultation of both lung fields revealed no crackles, wheezes, or rhonchi, and chest X-ray showed bilateral infiltrative shadows ( Fig. 3 ). His KL-6 (Krebs von den Lungen-6) levels (<500 U/mL) were 582 U/mL, and his serum CEA levels decreased from 687 to 338 ng/mL after the administration of lenvatinib. The drug lymphocyte stimulation test for lenvatinib was strongly positive (1,276 cpm, stimulation index 383; normal range: lower than 180). Broncho-alveolar lavage fluid revealed inflammatory changes with a cell differential count of 36.0% macrophages, 61.1% lymphocytes, 0% neutrophils, 2.9% eosinophils, and decreased CD 4/8 ratio (0.1). From these results, we diagnosed the patient as having lenvatinib-induced interstitial pneumonia. Lenvatinib was discontinued on the day of the CT scan (day 30). Due to the withdrawal, interstitial pneumonia improved remarkably. A pathologist who specializes in thyroid cancer diagnosed the patient's thyroid tumor as a possible metastasis of poorly differentiated epithelial tumor. Further evaluation revealed that the tumor cells were positive for p40, demonstrating metastatic squamous cell carcinoma. Although the lung, head and neck were suspected as possible locations for the primary lesion, we were unable to identify the origin. During the 2-month period in which lenvatinib was not being administrated, the patient's CEA level increased, and a CT scan showed enlarged lymph nodes in the mediastinum and left axilla. He was treated for carcinoma of unknown primary with carboplatin and paclitaxel as second-line treatment. Following three cycles of chemotherapy with carboplatin and paclitaxel, stable disease was achieved in accordance with RECIST criteria (Fig. 4 ).
Discussion
There are two points of importance to be taken from this case: (1) lenvatinib was effective for squamous cell carcinoma and (2) to the best of our knowledge, this is the first report of interstitial pneumonia induced by administration of lenvatinib, which was confirmed by the drug lymphocyte stimulation test.
Lenvatinib is generally used to treat advanced and rapidly progressing thyroid cancer that can no longer be treated with radioactive iodine. Lenvatinib is also used with mammalian target of rapamycin inhibitor everolimus to treat advanced renal cell carcinoma as a second-line treatment. Lenvatinib for the treatment of hepatocellular carcinoma is in the process of approval in Japan, the US, Europe, and China.
In Europe and the US, lenvatinib is indicated for the treatment of locally recurrent or metastatic progressive, radioiodine-refractory differentiated thyroid cancer. In Japan, lenvatinib is not only used for differentiated but also for undifferentiated thyroid cancer. Therefore, in the current case, we administered lenvatinib for undifferentiated thyroid cancer that was finally diagnosed as squamous cell carcinoma of unknown primary. Currently, phase Ib/II studies are being undertaken to investigate the efficacy and safety of lenvatinib in combination with pembrolizumab in some solid tumors (non-small cell lung cancer, endometrial cancer, urothelial cancer, head and neck cancer, and melanoma). The current report suggests that lenvatinib is also effective for some types of squamous cell carcinoma, probably because of tyrosine kinases targeted by this drug like vascular endothelial growth factor receptors, fibroblast growth factor receptors, platelet-derived growth factor receptor α, KIT, and RET.
To date, new anticancer drugs, including molecular targeted drugs, have been developed and approved based on tumor origin. However, in May 2017, the US Food and Drug Administration approved treatment for patients whose cancers have specific biomarkers. In particular, pembrolizumab is indicated for the treatment of patients with unresectable or metastatic solid tumors that have been identified as having one of the following biomarkers: MSI-H (microsatellite instability-high) or dMMR (deficient mismatch repair). Going forward, drugs should be developed and approved based on the tumor's biomarker, rather than its original location.
Among the clinical trials, no cases with interstitial pneumonia induced by lenvatinib have been reported. In an interim report of all cases of post-marketing surveillance (June 2017), this was the only case of interstitial pneumonia induced by lenvatinib.
Other tyrosine kinase inhibitors, such as gefitinib and erlotinib, are known to induce interstitial pneumonia, and as risk factors, performance status 2-4, smoking history, and complications of interstitial lung disease were reported [6, 7] . Our patient had performance status 0, with a 15 pack-year smoking history and no complications of interstitial lung disease.
Interstitial pneumonia was found on CT during follow-up observation, and was only improved by withdrawal of lenvatinib.
A limitation of this study was that comprehensive gene analysis of the tumor was not performed; therefore, it is not known whether an activated tyrosine kinase targeted by lenvatinib was present in squamous cell carcinoma in our patient.
Conclusions
The current report confirms the clinical effect of lenvatinib in a case with squamous cell carcinoma. In addition, to the best of our knowledge, this is the first case of interstitial pneumonia induced by lenvatinib. Hematoxylin and eosin staining showed numerous foci of atypical cells between follicles in the thyroid tissue. The tumor cells in a and b showed sheet-like arrangement, but no keratinization, intercellular bridge, glandular structure or mucin production. Because of such undifferentiated features, the tumor was diagnosed as undifferentiated thyroid cancer at first. Further study revealed that all tumor cells were within the D2-40-positive lymph ducts, did not infiltrate thyroid parenchyma (c), and were positive for p40 (d). These results showed that the tumor is metastatic squamous cell carcinoma of unknown primary. 
